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CLAIMS I.ISTTlvn- 

1. (currently amended) A monoliticallv mtsfrrs,t^ nimrtntuTQ Juu fi^ 

receiving and demodi^ latfnp of quadrature mod«1«ted .i^.^ y,.^^ ^ nol.ri..Ho. 

tran^tted via optical p^th; the dcvir.. h,,nnr 1 wife fii^t and a second inputs, ooroprising: 

a fitst adjustable coupler connected e«^te44o the first input and producing at least a first 

and second output; 

a second adjustable coupler connected eeapfed-to the second input and producing at least 
a first and second output; 

a third a4iustable coupler coanss^ eea^o the first output of the first coupler and to 
the first output of the second coupler; 

a fourth adjustable coupler cficaefilsd esspieA^ the second oulput of the first coupler 
and to the second output of the second coupler; 

electrodes providing saidtuninp of the fin;t, «^n^H , iUird. and fnnrrv. .^n^t...; 

a first and a second crossif^g waveguides with an angle selected to niimmize crosstalk and 
losses between the first and second ctioss waveguides, the first crossing waveguide connecting 
one of the first or second outputs firom the first coupler with an input of the fourth coupler, the 
second crossing waveguide connecting one of the first or second outputs from the second «,upler 
with an input of the third coupler; 

a first phase shifter coupled to the first and second waveguides, the first and second 
waveguides connecting one of the outputs of the first or second coupler and one of tlie inputs of 
the third or fourth couplers; 

phQtodiodes co nverting o n tical signal inro an electrical sip yial; 

wherein the first, second, third and fourth couplers, the two crossing waveguides, aad-the 
phase shifter and photQdi odes arr oorh formed as part of buiU on a single planar chip made of an 
electro-optical material. 

2. (origmal)The optical device of claim 1, wherein the optical device is a free-space 
optical link device. 

3. (original)The optical device of claim I, wherein the optical device is an optical 
pointing device, 
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4. (original)The optical device Of Claim I, wherein the optical device is a tracking device. 

5. (original)The optical device of claim 1, wherein the chip is a single piece of crystal. 

6. (originaI)The optical device of claim 1, wherein the chip is made of LiNbO.sub.3 or 
LiTaO.subJ. 

7. (original)The optical device of claim 1, wherein the chip is made of LiNbO.sub.3 or 
IiTa0.5ub.3 cut at X, or Y, or Z planes. 

8. (original)The optical device of claim 1, wherein the first coupler is a Y-jimctions. 

9. (original)The optical device of claim I. wherein the second coupler is a Y-jmictions. 

10. (oiiginal)The optical device of claim 1. further comprising: a second phase shifter 
coupled to the first and second waveguides, the first and second waveguides comiecting one of 
the outputs of the first or second coupler and one of the inputs of the third or fourth couple. 

11. Coriginal)The optical device of claim 1. wherein the first, second, third and fourth 
couplers are 3-dB devices. 



12. (original)The optical device of claim 1, wherein the chip is a two-layer structure. 

13. (original)- 15. (cancelled) 

16. (currently amended) The optical device of claim wfaerdn the first, second, third 
and fourth couplers, the first and second crossing waveguides are formed in a first layer, and the 
first, second, third fourth biased electrodes and the first and second phase shifters are formed in 
an adjacent second layer. 



17- (currently amended) The optical device of claim 144, whaein die each of the first, 
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second, third and fourth couplers have electrode geometries with alternating polarity, (original) 

18. (original)The optical device of claim 17, wherein the fiist, second, thinJ and fourth 
electrodes are split into an even integer number of sections to provide voltages that have a 
reversed polarity at each section. 

19. (currently amended) The optical device of claim 144. wherein each of the first, 
second, third and fourth electrodes are push-pull electrodes 

20. (original)Ilie optical device of clahn 1, wherein each of the first, second, third and 
fourth electrodes are configured to optimize a splitting operating point of the firsVsecond. third 
and fourth couplers. 

21. (originaDnie optical device of claim 20, wherein each of the first, second, third and 
fourth electrodes optimize the splitting operating point by spUtting an output power ratio of the 
first, second, third and fourfli corjilers. 

22. (originaI)Thc optical device of claim 1, whaeia the first phase shifter is adjustable. 

23. (originaOThe optical device of claim 1, further comprising: a second phase shifter. 

24. (original)The optical device of claim 23, wherein the second phase shifter is 
adjustable. 

25. (currently amended) The optical device of claim 144, wherein the first phase shifter 
includes a phase-shifting electrode. 

26. (original)The optical device of claim 23. wherein the second phase shifter includes a 
phase-shifting electrode. 

27. (original)Tlie optical device of claim 1, wherein die electro-optical material is a 
ferroelectric material. 

4 

Atty Docket 39S7a4030 
Z2ISS26_I.QOC 

PA(X6f20*R(»DAT«26l20l)62:l)3:16ra[EastemDayGgM 



06/26/2006 11:05 FAX 650 324 0636 



HELLER EHRMAN HID#5 



@007 



28. (orismal)Tlie optical device of claim 27, wherein the ferroelectric material is selected 
from LiNbO.sub.3 and LiTaO.sub.3. 

29. (oiigiixaDThe optical device of claim 1. wherein the electio-optical material is a 
semiconductor material. 



30. (originaJ)The optical device of claim 29, wherein the semiconductor material is 
selected from Si and InP. 



31. (original)The optical device of claim 1, wherem the optical device is made utilizing 
indifussed metal technology. 



32. (currently amended) The optical device of claim 1. inchides the optical device 
made utilized fe&t&m^ Ekftonic-exchange technology. 



is 



33. (originaJ)The optical device of claim 1, wherein the optical device is made utilizing 
etching technology. 

34. (original)The optical device of claim 1. wherem the optical device is made utilizing 
milling technology. 

35. (originaDThe optical device of claim 1, wherein the optical device is made utilizing 
CVD technology. 

36. (original)The optical device of claim 1. funher comprising: a substrate. 

37. (originaDThe optical device of claim 36, wherein the substrate is coated with a buffer 

layer. 

38. (original)nw optical device of claim 37. wherein the buffer layer is siHcon dioxide. 
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39. (currently amended) A method of transmission, comprising: providing an optical 
device with first, second, third and fourth couplers, the two crossing waveguides, and the phase 
shifter andphotodioHes are e n th formed qd u u i t of buih or. a single planar chip made of an 
electro-opticaJ material; ai,d applying a voltage to the first, second, third and fotirth couplers to 
maintain a desired power splitting ratio. 

40. (origma])The method of claim 39, wherein the optical device includes at least one 
phase shifter. 



41. (currently amended) The method of claim 40. fhither comprising applying offiet 
voltages to ttie phase shifter to maintain a desired phase relationship between in-phase and in- 
Qaadmaw gia^tm£.electrical signals at an output of the optical device, (original) 

42. (original)'nie method of claim 40, wherein the optical device mcludes a second phase 

shifter. 



43. (curreaUy amended) The method of claim 42, further comprising: controlling the first 
and second phase shifters to provide a desired phase relation of in-phase and ^in^uadrature 
signals. 



44. (origmal)The method of claim 40, finlher comprising, optimizing an average optical 
power at outputs of in-phase and in-quadrature signals. 

45. (originaJ)'nie method of claim 41, wherein the optical device includes a feedback 
control loop. 



46. (original)The method of claim 45, fiirther comprising: producing a voltage control 
signal and utilizing the feedback control loop to control the first, second, third and fourth 
couplers and the first phase shifter. 

47. (original)The method of claun 45. wherein the optical device includes a processmg 
device that samples averaged in-phase and in-^uadrature signals. 
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48. (original)The method of claim 46, further comprising: producing an enor signal fiom 
samphng of ihe averaged in-phase and in-quadrature signals. 

49. (originaI)The method of claim 44. wherein the optical device includes a converter 

device. 



50. (origiual)The method of claim 49. further conq>ri8ing: utilizing the converter device 
to provide rates that are at least equal to a bandwidth of a signal when averaging of data and 
processing is perfonned digitally. 

51 . (origmal)The method of claim 39, wherein the transmission is m fiee space. 

52. (original)Tlie method of claim 39, wherein the transmission is with a fiber, 

53. (original)The method of claim 39. wherein the transmission is ^lied to a ladar 
^plication. 



54. (currently amended) The method of claim 39, wherem the i 
fi2!]SQig^QiL^ utilized for ^^ecttal analysis. * 

55. (currently amended) An optical cotmnunication system for optical si o«i>l 
transmission in one po1an>-ari<>ti, comprising: a transmitter; and a qnadrature moHiil^f^ 
si^ receiver, the receiver including: a first adjustable coupler coupled to the first input and 
producing at least a first and second output; a second adjustable coupler coupled to the second 
input and producing at least a first and second output; a third adjustable co^cr coupled to the 
first output of the first coupler and to the fir^ output of the seccmd coupler; a fourth a^ius^ 
coupler coupled to the second output of die first coupler and t» the second output of the second 
*^°"P^^- ^J^ctrode^ p^^vidiuR said tuning of the fir^L .^A. ihirA ^ fourth r.nimW- fiist and 
second crossing waveguides with an angle selected to minimize crosstalk and losses between the 
first and second cross waveguides, the first crossing waveguide connecting one of the fiist or 
second outputs fi^m the first coupler with an input of the fourth coupler, the second crossing 
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waveguide connecting one of the first or second outputs fiom the second coupler with an input of 
the third coupler, a first phase shifter coupled to the fiist and second waveguides, the first and 
second waveguide being connected to one of the outputs of the first or second coupler and one of 
the inputs of the third or fourth coupler, photodiod^. cnnv^ng ontical sion.i 
sis^Lwhercin the first, second, third and fourth couplers, the two crossing waveguides. «d the 
phase shifter and photgdio^e. are each formed as part of a single planar chip made of an electro- 
optical material. 

56. (originaI)The system of claim 55, wherein the transmitter comprises: a first Mach- 
Zehnder modulator that produces a firat output; a second Mach-2ehnder modulator that produces 
a second ou^t; a spUtter coupled to the first and second Mach-Zehnder modulators; a combiner 
that combines the first and second ou^uts; and a phase shifter coi^led to the first and second 
Mach-Zehnder modulator., wherein the first Mach-Zehnder modulator, the second Mach- 
Zehnder modulator, the spUtter, the combiner and the phase shifter are fornied as part of a single 
planar chip made of electro-optical material. 

57. (original)lhe system of claim 56. wherein the single planar chip is a single piece of 

crystal 

58. (original)lhe system of claim 56, wherein the chip is made of a material selected 
fiom Li>Jb0.sub.3 or LiTa0.sub,3. 

59. (originaI)The system of claim 56, wherein the chip is made of LiNbO.sub.3 or 
LiTaO.sub.3 cut at X, or Y, or Z planes. 

60. (origiual)The system of claim 56, wherein the spKtter is a Y-junction. 

61 . (oiiginal)The system of claim 56, wherein the spKtter is a waveguide coupler. 

62. (original)The system of claim 56, wherein the combiner is a Y-junction. 

63. (original)The system of claim 56, wherein the combiner is a waveguide coupli 
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64. (origuial)The system of claim 56, wherein the first Mach-Zehnder modulator 
includes a first biasing electrode, and the second Mach-Zehnder modulator includes a second 
biasing electrode. 

65. (original)The system of claim 56, fimher comjuismg: a first bias electrode coupled to 
the first Mach-Zehnder modulator, and a second bias electrode coupled to the second Mach- 
Zehnder modulator. 

66. (cuncntly amended) The system of claim 65, xvherein each of the first and second 
bias electrodei§ie.is a push-pull configuration. 

67. (original)The system of claim 65, wherein the first and second bias electrode are 
configured to optimize a DC bias point of the first and second Mach-Zehnder modulators 

68. (original)The system of clahn 56, wherein the spUtter is adjustable. 

69. (original)The system of claim 56, wherein the combiner is adjustable. 

70. (original)The system of claim 56, wherein each of the first and second Mach- 
Zehnder modulators is a push-pull configuration. 

71 . (original)The system of claim 56, wherein the sphtter is positioned at an input of the 
system, and the combiner is positioned at an output of the device. 

72. (originaOThe system of claim 56. wherein tlie splitter and combiner are 3-dB 
devices. 

73. (origina])The system of claim 56, wherein each of the first and second Mach- 
Zehnder modulators is driven by an RF signal. 

74. (original)lhe system of claim 56, wherein the system includes at least a first and j 
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second waveguide each associated with one of the fiist and second Mach^Zehnder modulators. 

75. (original)The system of claim 56. wherein the waveguides of flie first and second 
Mach-Zehnder modulators are coplauar to each other. 

76. (oiiginaDThe system of claim 56. jfurther comprising: a phase shifter with a thiid bias 
electrode coupled to each of the first and se«ind Mach-Zehnder modulato,^ and configured to 
provide an adjustable 90.degr^ phase difference between outputs ftom first and second Mach- 
Zehnder modulators. 

77. (original)The system of claim 76; wherein the phase shifter is a push-pull 
configuration. 

78. (original)The system of claim 56, wherem the splitter divides an input beam into 
substantially equal'first and second beams that axe directed to the first and second Mach-Zehi,der 
modulators. 

79. (original)"nie system of claim 56, wherein each of the first and second Mach- 
Zehnder modulators are independently modulatable. 

80. (original)Tlie system of claim 56, wherein the electro-optical material is a crystal 
made of a material selected from LiNbO.sub.3 or LiTaO.sub.3. with a cut at X, Y. or Z planes 
relatively to an axis of the crystal. 

81. (original)The system of claim 56, wherein indifiissed metal technology is used with 
the electro-optical material includes. 

82. (currently amended) The system of claim 56, wherein p^^tem^ ^o^exchange 
optical technology is used with ttie electro-optical material incHides. 

83. (original)lliesystemofclaim56,whereinetchingopticaltechnologyisuscdwiththe 
electro-optical material. 
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84. Corigiiial)The system of claim 56, wherein milling optical technology is used with the 
electro-optical material. 

85. (original)The system of claim 56, wherein the electro-optical material includes a 
substrate coated with a buffer. 

86. (originaDThe system of claim 57, wherein the buffer is silicon dioxide. 

87. (original)The system of claim 55, further comprising: a multiplexer coupled to the 
transmitter and receiver. 

88. (origmal)nie system of claim 55. further comprising: an optical repeater coupled to 
the transmitter and receive. 

89. (original)nje system of claim 55. further comprising: an amplifier coupled to the 
transmitter and receiver. 

90. (original)The system of claim 55, further comprising: a filter coupled to the 
transmitter and receiver. 

91. (original)The system of claim 55. wherein the transmitter comprises: a first Mach- 
Zchnder modulator that produces afirst output; a second Mach-Zehnder modulator that produces 
a second outptrt; a third Mach^Zehnder modulator that produces a third output; a fourth Mach- 
Zehnder modulator that produces a fourth output; a first ii^,ut spUtter coupled to the first and 
second Mach-Zehuder modulators; a first phase shifter coupled to the first and second outputs; a 
first output combiner positioned to combine the first and second outputs fiom the first and 
second Mach-Zehnder modulalois; a second iiiput splitter coupled to flie third and fijurti Mach- 
Zehnder modulators; a second phase shifter coupled to the third and fourth outputs; and a second 
output combiner positioned to combine the third and fourth outputs. 

92. (original)The optical device of claim 91, wherein the first, second, third and fourth 
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MactZehnder modulators, the first and second input splitters, the first and secondphase shifteis, 
and the first and second input splittets are fonned as part of a chip made of electro-optical 
Tnatenal 



93. (origmal)The optical device of claim 91, further comprising: a third input splitter 
coupled to the first and second input splitters. 
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